Tris(2-methoxyphenyl)bismuthane works as both a mild dehydrating agent and a good template for macrocyclic ester synthesis; prolonged heating of the bismuthane with a dicarboxylic acid anhydride and a glycol in toluene under reflux afforded the corresponding macrocyclic 1 : 1 diester in moderate to good yields, together with a small amount of a macrocyclic 2 : 2 tetraester.
In spite of being a member of pnictogen family, trivalent organobismuth exhibits a weak Lewis acid nature due to the valence extension ability characteristic of heavy non-metallic elements. There are many reports which describe the coordination of a bismuth atom with the oxygen or nitrogen atoms of ether and amino compounds.1 However, such a prominent and specific interacting ability of the bismuth atom with lighter heteroatoms has apparently not been utilized in organic synthesis to date. We report herein that tris(2-methoxypheny1)-bismuthane 1 works as both a mild dehydrating agent2 and as a good template for the macrocyclic ester synthesis due to its excellent coordinating ability; when heated with compound 1 in toluene under reflux, dicarboxylic acid anhydride and glycol smoothly coupled together to give the corresponding macrocyclic diester in a higher yield than previously reported.3
A typical preparation of macrocyclic diesters is as follows: A mixture of phthalic anhydride 2a (740 mg, 5.0 mmol), tetraethylene glycol 3 (n = 3) (970 mg, 5.0 mmol), bismuthane 1 (1.06 g, 2.0 mmol) and dry toluene (10 cm3) was heated under reflux for 2 d. A white deposit was filtered off and the filtrate was evaporated under reduced pressure to leave a pale yellow oil, which was purified by silica gel column chromatography with 5% MeOH-CH2C12 as eluent. A 1 : 1 diester 6a (n = 2) was obtained as the major product from the early eluates and a 2 : 2 tetraester 7a (n = 2) as the minor product from the later eluates. The isolated yields of compounds 6a (n = 2) and 7a Table 1 Preparation of macrocyclic di-and tetra-esters (n = 2) were 61 and 3% respectively. The results are summarized in Table 1 .
Although MS inspection of the crude products revealed the formation of cyclic 2 : 2 tetraesters 7 in every case, only 7a ( n = 2, 3), 7c (n = 2) and 7d (n = 2) could be successfully isolated in a pure form. All products were identified by spectral and analytical data.? The macrocyclic 1 : 1 diester and 2 : 2 tetraester structures were confirmed unambiguously by X-ray analyses of 6a ( n = 2) and 7a (n = 3), see Figs. 1 and 2 4
These types of macrocyclic compounds were previously prepared in low yields (1-30%) from the reaction between diacid dichlorides and glylcols by the high dilution method (ca. 60 mmol dm-3,3 d).3 By using bisrnuthane 1 as a template, the corresponding macrocyclic diesters could be obtained in much better yields (1 3-83%) at higher concentrations (ca. 500 mmol dm-3).
The initial stage of the macrocyclic formation would be an ordinary reaction between acid anhydride 2 and glycol 3 to give a monoester 4, which then reacts with the bismuthane 1 to form a key intermediate 5. In this intermediate, the oxygen atoms of the ethylene glycol moiety coordinate to the bismuth atom,'" and subsequently the bismuthane-mediated dehydration occurs intramolecularly to produce the macrocyclic diester 6 (Scheme 1). High-yield formation of macrocyclic compounds even at high concentrations are possible due to the dual role of the bismuthane 1 as the dehydrating agent and the template under the reaction conditions employed. 61.69, 64.72, 68.92, 70.59, 128.98, 131.09 and 167.38 
